Relationship between ataxin-1 nuclear inclusions and Purkinje cell specific proteins in SCA-1 transgenic mice.
Spinocerebellar ataxia-1 (SCA-1), like other polyglutamine diseases, is associated with aggregation of mutant protein ataxin-1 in the nuclei of susceptible neurons. The role of ataxin-1 aggregates in the pathogenesis of susceptible neurons, especially cerebellar Purkinje cells, is unknown. The present study was initiated to determine the temporal relationship between ataxin-1 aggregation and the sequence of specific biochemical changes in Purkinje cells in SCA-1 transgenic mice (TM). Earlier, we demonstrated that SCA-1 TM with no Purkinje cell loss and no alterations in home cage behavior show decreased expression of calcium-binding proteins calbindin-D28k (CaB) and parvalbumin (PV) in Purkinje cells. To determine if increased expression of mutant ataxin-1 in TM is also associated with earlier biochemical changes in Purkinje cells, both heterozygous and homozygous (B05 line of SCA-1) TM were used. The age of onset of ataxia in SCA-1 TM was at 12 weeks in heterozygotes and 6 weeks in homozygotes. In 6 week old heterozygous TM, Western blot analysis of growth associated protein 43 (GAP-43) and synaptophysin revealed no significant alterations as compared with the age-matched nontransgenic mice (nTM), whereas CaB was significantly reduced. beta-III-Tubulin was used as a specific Purkinje cell marker protein, immunohistochemical localization showed strong beta-III-tubulin immunoreactivity (IR) in Purkinje cells in 6 week old heterozygous TM, whereas CaB and PV IR were markedly reduced in the same neurons (double immunofluorescence staining). Most Purkinje cells from heterozygous (12 weeks old) and homozygous (6 weeks old) TM contained ataxin-1 nuclear inclusions (NIs). Cells with and without visible NIs revealed reduced PV and CaB IR; however, the changes were overtly more severe in cells with visible NIs. In contrast, the same cells were strongly immunoreactive to beta-III-tubulin. CaB, which is also present in the nucleus, colocalized with ataxin-1 and ubiquitin positive NIs. Further, RT-PCR analysis of CaB mRNA in the cerebellum in 6 week old heterozygous TM demonstrated a significant decrease in mRNA in comparison with the aged-matched nTM. These data suggest that there are selective alterations in the expression of CaB and PV in Purkinje cells which possibly occur earlier than ataxin-1 aggregation. Further, we speculate that ataxin-1 aggregates may not be toxic in general; however, they may deplete specific proteins essential for Purkinje cell viability in SCA-1 TM.